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Determination of the apparent activation energy
The values of the apparent activation energy of different catalysts for ammonia decomposition reaction were obtained according to the previous reported method. [1] [2] As shown in Equation (1), Arrhenius plot displays the relationship between the reaction rate constant and the inverse temperature. In Equation (1), k is the reaction rate constant, A is the pre-exponential factor, Ea is the apparent activation energy, R is the ideal gas constant and T is the reaction temperature. Equation (1) can be converted to Equation (2) . Because A, Ea and R are constant, from the linear relationship between Ink and 1/T in Equation (2), the values of apparent activation energy can be obtained. The apparent activation energy measurements were conducted under the conditions far from thermodynamic equilibrium (the NH3 conversion level is smaller than 30% of that at equilibrium).
Textural properties of the physical mixtures All the data were calculated based on per gram carbon support. The value of pore volume loss was calculated by subtracting the total pore volume of the physical mixture Ni/GNP-NaNH 2 -PM (a) or Ni/GNP-KNH 2 -PM (b) from that of Ni/GNP.
Amide volume and pore volume loss of amide nanocomposites Pore volume loss (cm 3 g -1 )
Ni-NaNH2/GNP 0.14 0.13
Ni-KNH2/GNP 0.13 0.14 Ru-NaNH2/GNP 0.14 0.12
Ru-KNH2/GNP 0.13 0.22
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Ammonia decomposition activity comparison of different catalysts under a flow of pure NH 3 . a. background hydrogen formation originated from the reactions between NaNH2/KNH2 and carbon (NaNH2 + C → NaCN + H2; KNH2 + C → KCN + H2). Background hydrogen formation rates were calculated by assuming all the hydrogen was released in 1 hour. These background formation rates are much smaller than the catalytic hydrogen formation rates.
Nitrogen mass balance as a function of NH 3 conversion over the Ru-NaNH 2 catalyst Figure S1 . (a) An MS profile of the ammonia decomposition activity test for the Ni/GNP catalyst in a 10% NH3-He flow. The test was performed in a Micromeritics AutoChem II setup coupled with a Hiden mass spectroscopy. The gases were analyzed using the Hiden QIC mass analyzer to follow the change of concentrations of NH3, H2, and N2 in the stream. (b) A GC profile of the ammonia decomposition activity test for the Ni/GNP catalyst in a pure NH3 flow at 525 ℃. The gas composition was analyzed using on-line gas chromatograph (GC-2014C, Shimadzu) equipped with a Porapak N column, a 5A molecular sieve column and a TCD detector. The nitrogen mass balance during catalytic testing was above 93%.
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XRD patterns of the physical mixtures Figure S2 . XRD patterns of the physical mixtures Ni/GNP-NaNH2-PM and Ni/GNP-KNH2-PM. Each pattern is normalized to the main carbon peak in each sample.
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N 2 physisorption isotherms of various samples Figure S3 . N2 physisorption isotherms of (a) GNP support, Ni/GNP and the Ni doped amide nanocomposites, and (b) Ru/GNP and the Ru-doped amide nanocomposites. The absorption branches are indicated by the solid and the desorption branches by the dashed lines.
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Particle size distributions of NaNH 2 and KNH 2 in the nanocomposites Figure S4 . Pore size distributions obtained from nitrogen physisorption measurements for Ni/GNP and the Ni-KNH2/GNP nanocomposite. Differential pore volumes were calculated based on per gram carbon support. The distribution of pore volume loss (orange curve) was calculated by subtracting the pore size distribution of the Ni-KNH2/GNP nanocomposite from that of Ni/GNP. Figure S5 . Pore volume loss of Ru-doped nanocomposites compared with that of Ru/GNP. The results indicate that NaNH2 or KNH2 occupies preferentially pores up to 10 nm, which give an estimation of NaNH2 and KNH2 particle sizes in the nanocomposites.
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Ammonia conversion profile of blank reactor and macrocrystalline NaNH 2 and KNH 2 Figure S6 . Temperature dependence of the ammonia conversion of the macrocrystalline NaNH2 and KNH2 powders as well as that of the blank reactor. Reaction conditions: catalyst loading ̶ 100 mg, NH3/He flow rate ̶ 25 ml min -1 .
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Ammonia conversion profile of the nanocomposites NaNH 2 /GNP and KNH 2 /GNP Figure S7 . Temperature dependence of the ammonia conversion of the nanocomposites NaNH2/GNP and KNH2/GNP. Reaction conditions: catalyst loading ̶ 100 mg, NH3/He flow rate ̶ 25 ml min -1 .
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Ammonia conversion profile of the physical mixtures Figure S8 . Temperature dependence of the ammonia conversion of the physical mixtures Ni/GNP-NaNH2-PM and Ni/GNP-KNH2-PM, as well as that of the reference catalyst Ni/GNP. Reaction conditions: catalyst loading ̶ 100 mg, NH3/He flow rate ̶ 25 ml min -1 .
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Catalytic stability of the Ni-doped nanocomposites Figure S9 . Catalytic stability tests of the nanocomposite catalysts Ni-NaNH2/GNP (solid line) and Ni-KNH2/GNP (dash line) at selected temperatures. Reaction conditions: catalyst loading ̶ 100 mg, NH3/He flow rate ̶ 25 ml min -1 . Noticeable drop in ammonia conversions were observed above 350 ℃.
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TGA analysis of the nanocomposites Figure S10 . Thermogravimetric analysis (TGA) of the nanocomposite samples. Measurements were conducted with an Ar flow inside the glovebox. A sample weight about 5 mg was used. The ramp rate is 5 ℃ min -1 .
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Catalytic stability of the Ru-doped nanocomposites Figure S11 . Catalytic stability test of the nanocomposite Ru-KNH2/GNP at 325 ℃ for 700 minutes. Reaction conditions: catalyst loading ̶ 100 mg, NH3/He flow rate ̶ 25 ml min -1 . Ammonia conversion begins at 91% and drops to 70% after a test of 700 min at 325 ℃.
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XRD patterns of the Ru-doped nanocomposites with an amide loading of 30 wt% Figure S12 . XRD patterns of the Ru-doped nanocomposites with an amide loading of 30 wt%. Each pattern is normalized to the main carbon peak in each sample.
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Ammonia conversion of the nanocomposite catalysts under a pure NH 3 flow Figure S13 . Ammonia conversion of the nanocomposite catalysts under a pure NH3 flow in the temperature range of 300-525 ℃. Reaction condition: space velocity = 15000 ml g -1 h -1 .
Influence of space velocity on NH 3 conversion of the Ru-NaNH 2 /GNP in a pure NH 3 flow. Figure S14 . Influence of space velocity on NH3 conversion of the Ru-NaNH2/GNP. NH3 conversion was tested at a constant temperature of 500 ℃. The space velocities were varied from 15000 to 60000 ml g -1 h -1 .
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XAS measurements of the Ru-KNH 2 /GNP nanocomposite Figure S15 . Ru-K edge X-ray adsorption near edge spectra (XANES) of the Ru-KNH2/GNP nanocomposite, the Ru/GNP as well as Ru foil. Ru in the nanocomposite had a higher edge energy than that of the metallic Ru indicating Ru presented in the form of Ru δ+ .
